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MINLP

min f(X,Yy)

st. g -<g(xy)<g"
X" < x<x”
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Strategies

min @(z) = f(x)+ x> In(z° —2)+> In(z-z")}
st. ¢c(z)=0




IPOPT Algorithm — Features

Line Search Strategies for Algorithmic Properties
Globalization Globally, superlinearly

- [, exact penalty merit function convergent (Wachter and
- augmented Lagrangian merit B., 2005)

function

- Filter method (adapted and Easily tailored to different
extended from Fletcher and problem structures
Leyffer)

Freely Available
CPL License and COIN-OR
distribution:
http://www.coin-or.org

Hessian Calculation

- BFGS (full/LM and reduced space)
- SR1 (full/LM and reduced space)

- Exact full Hessian (direct) Beta version recently
- Exact reduced Hessian (direct) rewritten in C++

- Preconditioned CG

Solved on thousands of test
problems and applications




IPOPT Comparison on 954 Test Problems
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Comparison of NLP Solvers: Data
Reconciliation
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Current Activities — IPOPT

e Conversion of IPOPT from FORTRAN to C++
— Modular - easier to maintain and modify
— Interfaces to modeling packages and linear solvers
— Parallelism for free

 |IBM MINLP Project

— Combine open source tools (e.g., CBC, IPOPT) to
build state-of-art MINLP solvers
* |nterfaces to Modeling Environments
— AMPL — widely used
— ROMeo — done
— AIMMS - done
— CAPE-OPEN - done




Information & Its Flow

lteration k— 3

L




Programs
O

= ® Subroutines in FORTRN

Model Size

Bounds

Starting Point

Structure of Jacobian

Commercial Modeling Packages

O CO—

Structure of Hessain

e
s

—C CAPE-OPEN Compliant

Equation Evaluation

First Derivatives

o o oSNNS,

Second derivatives




CAPE-OPEN Compliant
| wne

|ICapeMINLPSystem::solve()

Cape_lpopt(pMinlp);

class CCapeTNLP| Int Cape_lpopt(ICapeMINLP *pMinip)

{
SmartPtr cape_ nlp = new CCapeTNLP(pMinlp)

SmartPtr app = new IPOPT(nlp) ;
return (int) app->optimize TNLP(cape_nlp) ;



MINLP Component Diagram il
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Mate the Process Modelling Environment s'n[
Process Endinecting Problem are cliehts wh
wae but are hot part of the MINLRP interface.

They are shown for completeness




. MIMLP Interface Diagram
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Self-Reqistry
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Basic Test
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Test with an Example
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GCOlpoptwrapper wb. CapeMIMLPSolvertd anager.
GLOpoptrapper MET CapeMIMLFSolvertd anag
GCOWrapper. CapehIMLPS alvertd anager. 1
GCOlpoptwrapper. Capetd [MLPS alverbd anager. 1

CAPE-OFEH MINLP Tester

Create CO CATID Cape Regizter
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x|

MINLP Soluer

|z supported 7
|Unknown YES
|Dizpatch YES
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7% MINLP Solver Teste

MIHLP Solver

|z zupported
[ ik ey YES
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[CapetIMLPSalvertanager  |WES
[CapeMumencSolwer YES

. &l needed interfaces are implemented

YWiew Dliagram | Launch TEST

[H-&]]-DI‘IS [Integmticrn Function Basic [Hegistrﬂticrn

GHISITel W R Te (B [ )| poptirapper ME T .CapetIML

B[ e sover et x

Solver Side l Problem Side

|z called ?

Createb IMLPSyztem Tes

Salve

“Yes

[F.-E]J-D-I'IEI Integration  Funpction [Hﬂﬁi-l: [Hegiﬁmticrn

tIMLP Salver ProglD

GCOlpoptafrapper_MET.Capehd ML

18

Chemical Engineering
w Carnevie Mellon



[Hei:u:rrtsl Integration  Function [Basic [Hegi&tmticrn
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Conclusions

IPOPT Is an efficient and well tested NLP solver

IPOPT Is freely avalilable from
under a Common Public License (CPL)

An interface has been developed to make
IPOPT CAPE-OPEN compliant.

As CAPE-OPEN MINLP compliant modeling
systems become available, CO community will
benefit from using IPOPT for solving large-scale
NLP problems.



http://www.coin-or.org/
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